Objectives-Considering disease incidence to be a main contributor to healthy lifespan of the US elderly population may lead to erroneous conclusions when recovery/long-term remission factors are underestimated. Using two Medicare-based population datasets, we investigated the properties of recovery from eleven age-related diseases.
Introduction
The question of particular importance for public health specialists is the relationship between increasing life span and the period of healthy life. Recent studies have demonstrated an improvement in the health status of the general population during the 20 th century, including consistent evidence of improved disability status among the US elderly (Costa, 2002; Crimmins et al., 2009; Freedman et al., 2004; Manton et al., 2006; Schoeni et al., 2001; Waidmann and Liu, 2000) , with a postponement of limitations in functioning despite an increased prevalence of certain chronic diseases. This improvement could be explained by earlier diagnosis, improved treatment, and amelioration of prevalent diseases (Christensen et al., 2009; Crimmins, 2004; Parker and Thorslund, 2007; Perenboom et al., 2004; Schoeni et al., 2008) . However, while most of the statistics represent the changes in disability and long-term care, they do not account for the frequency of patients' rehabilitation, long-term remission of chronic diseases, and recovery (Campion, 1994) . These events have been described as non-rare among the oldest adults: e.g., for asthma, a remission among elderly was observed in 30% of disease cases (Reed, 2006; Rhodes et al., 2002; Slavin et al., 2006; Taussig et al., 2003) . Therefore, understanding age-and sexspecific patterns, as well as time trends in these outcomes among the US older adults, is of particular importance. While trends of geriatric disease prevalence suggested an increase in the chronic disease burden in the 1970s-1990s (Goff Jr et al., 2007) , deeper insight into the patterns and trends of different phases of chronic diseases provide a background for optimizing the strategy of medical services, expenditures, insurance planning, and quality of life studies.
An increasing burden in certain disease prevalence and associated medical costs among the elderly US population does not necessarily mean an increase in the incidence rate. Instead, it may be due to the fact that the improvement in patients' survival contributes to disease prevalence greater than the decline in disease risk. In this context, the tremendous research potential of the data from the Medicare Files of Service Use (MFSU) for studying current and forecasting future health patterns of the US older adults remains unexplored. In this paper, we use two Medicare linked datasets to investigate the demographic and epidemiologic properties of the cohorts of survivors after certain chronic diseases were diagnosed. Part of such a cohort can "recover" or enter into long-term remission. In the majority of traditional forecasting models, such individuals are usually considered as still being ill (i.e., without a dynamic update of health status). This masks the effects of successful medical treatment on healthy life span and creates an illusion of "decompression of morbidity". Therefore, our study is focused on identification of patients who are "recovered" or entered into long-term remission, evaluation of the rates of recovery, and comparing characteristics of their survival with non-recovered patients and the general population. In this study we define a "recovery" not as a complete restoration of functioning of all systems and complete social rehabilitation but rather supposing that it is the absence of records on medical services related to the disease of interest which is coded by the ICD-9 codes. We focused on individuals with a diagnosed disease who are staying for long periods of time (say, one year or more) in such health conditions that they do not need to ask for medical services associated with the disease. For acute conditions (e.g., myocardial infarction or stroke) such health conditions are associated with recovery, and for chronic conditions (e.g., asthma or nephritis) they are associated with long-term remission. We use the term "recovery/long-term remission" or simply "recovery" to refer to this state.
Data and Methods
Two datasets capable of providing estimates for the older adult population at the national level are used in this study: the Surveillance, Epidemiology, and End Results (SEER) Registry data linked to MFSU (SEER-M), and the National Long Term Care Survey (NLTCS-M) also linked to the MFSU. Using these extensive sources of information allows for identification of disease incidence and recovery events through elaboration and validation of specific computational algorithms of these events from administrative data.
The SEER-M data was the primary dataset analyzed in this study. The expanded SEER registry covers approximately 26% of the U.S. population. In total, the Medicare records for 2,154,598 individuals are available in SEER-M including individuals i) with diagnosed cancers: breast (n=353,285), colon (n=222,659), lung (n=342,961), prostate (n=448,410) cancers and skin melanoma (n=101,123) and ii) from a random 5% sample of Medicare beneficiaries residing in the SEER areas who had none of the above mentioned cancers. For the majority of persons, we have continuous records of Medicare services use from 1991 (or from the time the person has passed the age of 65 after 1990) until his/her time of death. A small fraction of individuals (e.g., new patients diagnosed with cancer in [2003] [2004] [2005] has Medicare records from 1998. Medicare records are available for each institutional (MedPAR, outpatient, hospice, or home health agency HHA) and non-institutional (CarrierPhysician-Supplier and durable medical equipment providers) claim type.
The NLTCS-M data contains two of the six NLTCS waves-namely, cohorts of 1994 and 1999. These two waves were chosen primarily because of the high-quality Medicare followup data available from 1991, and also because the complete 5-year follow-up after the NLTCS interview is accessible only for these two waves after 1991. In total, 34,077 individuals were followed-up between 1994 and 1999. So-called screener weights released with the NLTCS allowed for the production of the national population estimates (for recent discussion, see (Akushevich et al., 2012a) ).
Disease selection and definition of the date of disease onset
To illustrate our approach, several diseases were selected for this study based on their prevalence in the US elderly population (i.e., the most prevalent) and those which were among the leading causes of death in the elderly: acute coronary heart disease (410. The ages at onsets of all diseases were reconstructed from the MFSU using the scheme described in details in (Akushevich et al., 2011a, b; Akushevich et al., 2012b, a) . In the first step the individual medical histories of the applicable disease were reconstructed using all records with their respective ICD-9 codes. In the second step, a special computational procedure was applied for individuals with the history of the considered disease to separate incident and prevalent cases and to identify the age at disease onset. This procedure is based on two conditions applied to each medical history. The first condition allows for identification of the first occurrence of the disease code, and the second condition is required for confirmation of the disease's presence. The individual Medicare history contains all records with the respective disease ICD-9 code, however only records with the primary ICD-9 code and only from the so-called base Medicare sources (inpatient care, outpatient care, physician services, and skilled nursing facilities) are used for the disease onset identification. Several examples of individual trajectories illustrating our approach and basic definitions of used quantities are presented in Figure 1 . Table 1 provides the number of individuals with disease onset identified for SEER-M and NLTCS-M datasets and several other characteristics of their distributions.
Only disease onsets detected in the first three years of NLTCS-M follow-up (i.e., in period from April 1, 1994 to April 1, 1997 and from April 1, 1999 to April 1, 2001) were collected. For detection of recovery the information from individual histories was used since the disease onset and till death or the end of follow-up that is the end of 2005.
Definition of recovery and long-term remission
An individual was considered to be recovered (or started to have a sustained remission) at a given date if he/she did not have a Medicare record containing the respective ICD code in his/her medical history during a time period τ d (e.g., one, two, or three years) after this date (Yashin et al., 2010) . All Medicare records from the individual medical histories (i.e., records appeared in any Medicare sources and not necessary was a primary) are used for the definition of recovery. The time periods τ d are referred to as recovery times. An individual was censored at a date if that date plus the recovery time exceeded the date of the end of follow-up (i.e., in this case an individual does not have a room for recovery).
Note, that since the identification of the date at onset requires confirmation by a record in another day, recovery at the day of diagnosis is not possible even if the length of service is day 0. Another property of the recovery rate is that a recovery event within the three-year strategy (i.e., for τ d =3 years) implies a recovery event within a one-or two-year strategy, but not otherwise.
Evaluation of the effects of recovery/remission
The Cox proportional hazard model with the covariates represented the recovery event and age at diagnosis as a cofactor was designed to evaluate the effect of recovery or long-term remission on survival. Individual follow-up starts from the date of diagnosis and ends by the date of death from any causes or censoring date (the end of 2005). Recovery is described by the binary indicator, x =1 if t ≥ t rec , and x =0 otherwise, where t rec is a period between the diagnosis and recovery. Importantly, that part of the follow-up period that was used for identification of the recovery event (i.e., time spot τ d started at the time of recovery) has to be excluded from parameter estimates because the survival probability in this period is exactly one. Technically, the hazard ratios are estimated by considering two time periods as two observations with different time periods (and different times of the beginning) of follow-up: between diagnosis and recovery for the first and between recovery time plus τ d and death/censoring for the second. The option of varying beginning of the follow-up is available in major packages for statistical analysis (e.g., in Proc PHREG of SAS 9.2, that was used in our analysis). This consideration is exactly equivalent to the more intuitive (but not feasible using standard software) approach when i) follow-up of all individuals starts from the date of diagnosis, ii) one observation represents one (and only one) observation, iii) the recovery state is represented by the time-dependent indicator (as in Figure 1 ), and iv) individuals with the current follow-up time appeared in time spot τ d are excluded from the set in individuals contributed to the denominator of the partial likelihood.
In addition, the Cox proportional hazard model is used to compare the survival of recovered individuals with survival in the general population. In this model age is used as a follow-up variable, therefore the estimated hazard ratio represents the death hazard ratios for recovered individuals and the general population of the same age. Similarly to the above model the option of varying beginning of the follow-up is used, and the time period τ d used for recovery identification is excluded, i.e., the initial age for recovered individuals is the age of recovery plus τ d .
Results
The results of analyses of survival and recovery/remission for males and females are shown in Figure 2 for five-year follow-up since disease diagnosis. Both survival and recovery are shown in each plot. The first is presented by the Kaplan-Meyer estimate of the survival curve and the second is presented by a similar estimate of the probability of not-yetrecovery. Three scenarios of the "recovery time" are shown (i.e., when the patient has not seen medical specialists for one, two, and three years since the last disease-specific record in MFSU). Because of limited statistical power for non-parametric analyses using NLTCS-M, only results for SEER-M are presented in the figure and the results for recovery rates from analysis of both SEER-M and NLTCS-M are shown in Supplementary Figure 1 . The obtained results on the recovery/remission rates calculated using NLTCS-M and SEER-M data were similar for all studied diseases.
For the studied diseases, several patterns of recovery/remission and survival could be described: i) substantial decrease of prevalence of "not-yet-recovered" individuals during 1 st and 2 nd years and slow decrease of survival over a 5-year period (e.g., for ACHD and asthma), ii) continuous decline of the "not-yet-recovered" patients during the follow-up period with a pronounced decrease of survival of a concave shape (e.g., for stroke, nephritis/ nephrosis, and colon cancer), iii) dramatic decrease of the "not-yetrecovered" persons during 1 st year and slow decrease of the survival over a 5-year period (e.g., for ulcer, hip fracture, and skin melanoma), and iv) continuous decrease of the "notyet-recovered" which stayed high even after 5 years and continuous decrease of survival which stayed pretty high (e.g., for breast and prostate cancers). Lung cancer had its unique pattern characterized by a concave shape of survival curve with very sharp decrease of survival during the 1 st year.
Using the Cox proportional hazard model where the outcome is the risk of death and the covariate is the indicator of recovery/remission and the age is used as a cofactor, allows us to evaluate the effect of recovery/remission and to test whether recovered individuals belong to a healthier or sicker subcohort. Table 2 shows the death hazard ratios of occurrence (versus non-occurrence) of recovery/long-term remission with recovery times 1, 2, or 3 years. For all diseases the hazard rates are significantly lower than one. This means that in all cases the risk of death is significantly lower for the cohort of recovered individuals. It means that the patients with long periods without the appearance of new records with ICD-9 of the given disease belong to the healthier subcohort. The results are similar for the two datasets used in the analyses and for different recovery times.
The survival of recovered individuals was also compared to the survival of the general population to understand the extent in which the recovered patients are sicker than the general population of the same age. The Cox proportional hazard model with age as followup variable was applied for both cohorts (for the SEER-M, cohorts represented 5% of total population including both cancer cases and non-cancer control), and the effect of the indicator variable shown the recovery from the given disease was estimated in a series of unidimentional analyses for τ d =1, 2, and 3 years. The results for the death hazard ratio were presented in Table 3 . For all diseases the hazard ratios are greater than one. This allows us to conclude that time periods without disease-specific records longer than 3 years is required to reach the health state of the general population. Another observation from Table 3 is that for majority of diseases (except breast and prostate cancers, melanoma, hip fracture) hazard ratios for τ d =3years are lower than those for τ d =1year. Therefore, the cohorts formed with requirement τ d =3 years are healthier than those for τ d =1year. Results for the NLTCS-M data and for total SEER-M population are similar.
For all studied diseases, males had lower survival than females, while recovery/remission rates did not differ for the two genders (the hazard ratios differed by less than several percents). The results for the hazard ratios of being males versus females are presented in Supplementary Table 1 .
Discussion
The presented results on recovery or long-term remission of aging-related diseases and survival were obtained from analyses of the two large datasets: SEER-M and NLTCS-M. These results are representative at the national level-specifically, for the U.S. elderly population (aged 65 years and older). At our best knowledge, a majority of published studies, including those based on NLTCS-M data, predominantly focused on the prevalence of disability rather than of occurrence of a long-term remission of chronic diseases or on estimation of transition rates between disability states and their time trends among the older and oldest adults (Manton, 1988; Manton et al., 1993; Schoeni et al., 2008; Stallard, 2011; Zimmer and House, 2003) . Compared with the predictors of disease onset, there were few predictors of recovery (Clark et al., 1998) . The mathematical multistate models that explicitly allow for transitions between unhealthy and recovery states has been discussed since the early 1980s (Mathers and Robine, 1997; Putter et al., 2007) , however, the estimates of the model parameters from nationally representative datasets and comprehensive analysis of properties of recovery estimates have not been performed. The difficulties in studies on recovery could be mainly due to the fact that the data on disease onset and recovery are sparse. Therefore, the obtained results based on the two nationally representative large datasets are valuable.
We followed and generalized the definition used by Yashin et al. (Yashin et al., 2010) for analysis of time trend in recovery from stroke. In our study a similar definition was also applied to ten other diseases. Recovery within this approach signifies nonappearance of the same diagnosis coded by the respective ICD-9-CM code. For example, for myocardial infarction such a definition means the absence of i) another myocardial infarction and ii) complications directly related to myocardial infarction (when myocardial infarction ICD code appears as secondary code in Medicare records) during the period τ d . Within this definition we find the median no-recovery (i.e., time period when 50% of patients are recovered) equaling 0.086 year. A stricter definition of recovery can be used with the additional requirement of non-occurring complications such as angina pectoris and heart failure without myocardial infarction codes. In this case the estimate of median nonrecovery is larger: 0.408 year. Yashin et al. (Yashin et al., 2010) demonstrated that the estimates of time trend in recovery rates are robust: the results did not depend on different definitions of recovery event and were not sensitive to definitions of disease onset. For example, the authors considered several alternative strategies for definition of the onset of stoke (e.g., all Medicare sources used, keeping not only primary diagnoses, no requirement of the second record with the disease-specific code, and other) and found that positive trends in the recovery rate from stroke took place in all cases independent of the definition of both incidence and recovery rates. However further sensitivity analyses of the results is still required. For example, in our analysis, deaths that occurred before recovery were treated as a censoring event independent of recovery. This is a strong assumption, and since available data (i.e., time to event data that are used in the study) does not allow us to identify rates under the assumption of dependent competing risks (Tsiatis, 1975) , the sensitivity analysis based on model assumptions needs to be performed. Table 2 show that "recovered" patients (those who did not have medical care for one, two or three years, depending on the corresponding scenario analyzed) had a better survival. Therefore they represent i) a "healthier" subgroup of patients who started feeling well enough to discontinue use of medical services or ii) a subgroup of the patients who at the moment of diagnosis likely had a functional disorder rather than a serious disease but the similarity of the symptoms lead to "overweighting" of diagnosis. Also the a subcohort of "recovered" individuals can have a fraction of patients who stopped visiting medical specialists, probably, due to their disappointement in treatment results (instead, they could turning to chiropractors, homeopaths, or herbal medicine) or patients who started experiencing difficulties with transportation to reach the medical facilities (note, that this subcohort of patients did not have a better survival). However this subcohort is not distinguishable from the healthier (and much larger) fraction of recovered individuals.
The estimates in
We also found (see Table 3 ) that recovered individuals had lower survival than general population. Among studied diseases, lung cancer, hip fracture, and nephritis had the lowest relative survival (characterized by highest hazard ratios presented in Table 3 ), while interruption of visiting medical specialists, and ACHD, prostate cancer and skin melanoma had the highest relative survival. This can be related to the characteristics of these diseases (e.g., earlier diagnosis and higher success of the treatment for melanoma and prostate cancer compared with other cancers, relatively good "repairing capacity" of cardiovascular system after myocardial infarction) and/or higher comorbidities in certain groups of the patients such as those with kidney disease and hip fracture. The differences in the sex-specific relative survivals for ACHD are in agreement with findings that ACHD symptoms are more likely to be unrecognized in females (Lerner and Kannel, 1986) and that women, especially those older than 65 years old, delays longer than do men before seeking medical treatment for symptoms of MI (Lefler and Bondy, 2004) . In addition, that could be due to their higher depression score which is also associated with increased risk of coronary mortality after myocardial infarction (Welin et al., 2000) . Thus, the selected group of diagnosed patients is still heterogeneous; e.g., they may include a fraction of false positive diagnoses or be due to comorbid conditions. Further investigation of groups of patients stratified over characteristics of diagnosed cancers is required. For example, we evaluated the Charlson comorbidity index (Charlson et al., 1987 , Quan et al., 2006 at the month of diagnosis and investigated its effects for all considered diseases. We found that i) recovery is less probable for patients with higher comorbidity: HR of the Charlson index from 0.84 (breast cancer) to 0.97 (hip fracture) per index unit, ii) as expected, the Charlson comorbidity index influences survival with HR=1.07-1.17 (except lung cancer HR=1.01 and asthma 1.24), and iii) comorbidity modifies the effect of recovery (HRs of the interaction term are in the range of 1.02-1.08). At the next stages of (disease-specific) analyses the detailed consideration of related comorbidities and analysis of their effects on recovery rates and subsequent survival would be useful and performed in separate studies. The examples of expected effects that are observed in clinical practice of a gerontologist could be the following: i) mortality among the elderly patients with peptic ulcer is higher among those with diabetes mellitus compared with the patients without diabetes (Thomsen et al., 2006) ; an impairment of ulcer healing could be, at least in part, due to reduction in gastric microcirculation with impaired effects of gastric vascular endothelial growth factor and gastric tumor necrosis factor alpha among those with diabetes (Baraka et al., 2010) ; and ii) the preexisting renal disease, even mild, has been shown to be a major risk factor for delaying the recovery period and developing of cardiovascular complications such as heart failure, left ventricular systolic dysfunction, or both, after a myocardial infarction (Anavekar et al., 2004) .
A close similarity in patterns of the dynamics of recovery/remission and survival over a 5-year period observed for different diseases could be due, at least in part, to the similarity of these disease courses. For example, ACHD and asthma both have periods of acute attacks followed by periods with lighter symptoms or symptom free. Ulcer, hip fracture and skin melanoma all could be completely treated during a relatively short period, without a recurrence. Breast and prostate carcinomas are both hormonal dependent and have an intensive screening strategy. Stroke (with moderate and severe symptoms), nephritis/ nephrosis, and colon cancer have progradiently progressive courses leading to severe impairments of organ functions including the whole organism's systemic disorders.
It is well known, that the average lifespan in males is shorter than in females. Our results provide specific details on which aging-related diseases contribute to these gender-specific disparities. While recovery or long-term remission rates did not differ in males and females, survival rates of many diseases (such as ulcer, asthma, nephritis/nephrosis, lung cancer, and skin melanoma) were much lower in males. So, we could suppose that gender-specific disparities are minor in "healthier" populations but are pronounced among "sicker" populations.
Limitations of the approach are basically due to our focus on developing a common view on disease onsets and disease recovery/remission. Such an approach is natural for the first stage of analysis of complex phenomena in public health. It is certainly useful for investigating demographic health related aspects of the U.S. population of older adults, but this approach is not quite conclusive for clinical aspects of recovery. However, it could be generalized to become clinically related by considering detailed disease-specific definitions of onsets and recovery (e.g., by extending the set of codes). Note that the SEER-Medicare data does not have information about changes in individual functional status since the disease onset. Therefore the analyses of the effects of individual functional status, including physical, mental, cognitive, and social functions, should involve other data (e.g., the NLTCSMedicare data). Only age, time after diagnoses, and sex of individuals were used in the Cox regression model for evaluation of recovery hazard ratios. The population can remain heterogeneous after adjusting over these variables. Among other variables that can be used for adjusting are characteristics of cancer diagnoses, comorbidities, cost of diagnosis (estimated as the total cost during the month of diagnosis) as an approximate measure of disease severity, and race. Further sensitivity studies could also take into account the effects of disease severity, insurance status, social-economic status, as well as the MSA or geographic region of the country.
In summary, a new approach is developed for quantitative analyses of individuals with recovery/long-term remission after onset of chronic diseases using Medicare data. The effects of heterogeneity in recovery rates from common geriatric diseases were evaluated for the U.S. elderly population at the national level. To our knowledge, such type of analysis has never been done before. The approach opens new opportunities for developing predictive models with the time dependent covariates representing health status. Such models could be further used to better quantify the contribution of age-related diseases to healthy life expectancy and to improve forecasts of health and mortality. The results of such analysis can be important for prognosis of medical expenditures for the elderly, because people living with chronic conditions are the groups of the population which requires expensive long-term medical services.
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Research Highlights
• Medicare data is a powerful source for analyzing recovery and survival
• Most patients who stopped visiting doctors comprise a healthier subcohort
• Medicare-based data provide reliable estimates valid for the US elderly population
• Recovery rates are consistently evaluated using different Medicare-based data
• Survival of recovered patients is lower than survival of the general population Scheme with four hypothetical time lines (or individual disease-specific trajectories) illustrating our definitions. The date at onset is detected for the first individual at age 72 years. There is no recovery detected for this individual because there is no time period, τ d , without occurrence of ICD-9 codes for the given disease between dates at onset and death. Period of individual follow-up is marked by thick horizontal line. Since recovery was not detected during the follow-up period the covariate x (meaning "binary indicator of recovery after diagnosis") equals to zero. Both incidence and recovery are detected for the second individual at ages 74 and 77 years. Two time periods (marked by thick lines) contribute to the partial likelihood for the proportional hazard model of recovery effect on survival with the covariate x = 0 before recovery and x = 1 after recovery. Time period τ d just after recovery is excluded from the follow-up when estimating the effect of recovery on survival, because this period was used to identify the recovery event, and therefore survival probability for this period equals 1 exactly. Disease-specific records for the third individuals appeared just after the beginning of his/her follow-up, therefore, this case is considered as a prevalent case and excluded from all analyses. The fourth individual represents another example when both incidence and recovery are detected. The survival (thick curve) and not-yet-recovery probabilities (three thin curves corresponding to recovery times of one, two, and three years from the bottom to top respectively) calculated using SEER-M. Death hazard ratio of occurrence (versus non-occurrence) of recovery/long-term remission with recovery times 1, 2, or 3 years (i.e., time period since the last disease-specific record in Medicare file) using the predictor variable "time after recovery" (per one year). Disease onsets were recorded in April 1, 1994 -April 1, 1997 and April 1, 1999 -April 1, 2001 . Death hazard ratios (with 95%CI) of patients with occurrence of recovery/long-term remission with recovery time of 1, 2, or 3 years (i.e., time period since the last disease-specific record in Medicare file) and estimated recovery times for which death hazard ratios of recovered patients and the general population are equal. 
